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PART ONE— Operating Instructions 

Section I 
INTRODUCTION 

Paragraph 



Purpose and scope 1 

Content and arrangement o'f manual 2 

References 3 



1. PURPOSE AND SCOPE. 

a. The information and instructions contained in this manual provide 
a guide for all personnel charged with the operation, lubrication, and 
light maintenance of this materiel. Specifications, illustrations, and de- 
tailed instructions are given regarding the operation, lubrication, adjust- 
ments, and minor repairs. Group assemblies and component parts are 
listed under separate headings, with detailed instructions under each 
heading explaining the proper operation or adjustments necessary to 
keep or put the machine in normal operating condition. 

2. CONTENT AND ARRANGEMENT OF MANUAL. 

a. Part One consists of specifications and photographs of the tractor, 
lubrication charts and specifications, and general operating instructions. 
Part Two consists of illustrations and instructions on adjustments and 
minor repairs. 

3. REFERENCES. 

a. A list of references will be found in section XXVI of this manual. 
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Figure 3 —Heavy Tractor Ml —Three-quarter Right Rear View 
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Section II 

DESCRIPTION AND TABULATED DATA 

Paragraph 



Description 4 

Tabulated data 5 



4. DESCRIPTION. 

a. General. This tractor is of the crawler or track-laying type and 
may be used for either highway or cross country travel. Because of its 
relatively low center of gravity, the tractor can climb slopes as steep as 
30 degrees, depending on the kind of footing available and the load being 
pulled. 

b. Engine. Power is supplied by a water-cooled, 4-cylinder, valve- 
in-head, 2-cycle Diesel engine. A multiple speed transmission is used offer- 
ing six forward speeds ranging from 1.87 miles per hour to 11.00 miles 
per hour and two reverse speeds of 2.05 miles per hour and 4.60 miles per 
hour at full throttle engine speed. The fuel tank has a capacity of 156 gal- 
lons which permits about 20 hours of operation without refueling. 

c. Steering. Steering is accomplished by means of steering clutches 
operated by two levers, mounted in the center of the tractor within easy 
reach of the operator. Each lever controls a multiple disk steering clutch 
through which power is delivered from the transmission to the final drive 
sprockets. 

d. Seat. The seat has removable cushions and safety straps and will 
accommodate the operator and three other men. 

e. Winch. The winch is mounted on the front of the tractor and is 
driven by a reversible power take-off from the tractor transmission. A con- 
trol lever for the power take-off is just ahead of the seat and in easy reach 
of the operator. 

f. Equipment. Equipment on the tractor includes batteries, electric 
starter, generator, lights, mile meter, engine air heater and engine pre- 
heater for cold weather starting, fire extinguisher, electric and air trailer 
brake control system, snatch block, tow chain, and loose tools. 

g. Tractor and Engine Numbers. The serial number of the tractor 
is stamped on the steering clutch lever stop which is on the gear shifter 
housing and also on the rear of the transmission case on the right side 
just below the top. The engine number can be found on a bronze plate on 
the right side of the engine in back of the governor. 
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Figure 4— Heavy Tractor Ml— Right Side View 
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figure 5— Heavy Tractor MI— Left Side View 
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Figure 6— Heavy Tractor MI —Top View 
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Figure 7— Heavy Tractor Ml —Front View 



5. TABULATED DATA. 

a. General. 

Maximum drawbar horsepower: 

At 2,000 rpm (full throttle) 88.5 

At 1,750 rpm (throttle in stop notch) 84.2 

Maximum drawbar pull: 

At 2,000 rpm (full throttle) 18,350 lb ' 

At 1,750 rpm (throttle in stop notch) 20,120 lb 

Shipping weight (approx.) 25,500 lb 

b. Dimensions. 

Over-all length 14 ft 5% in. 

Over-all width 8 ft 1 in. 

Over-all height 8 ft 4 in. 

Tread width (center to center of tracks) 6 ft 2 in. 
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Figure 8— Heavy Tractor Ml— Rear View 



Ground clearance 

Height of lower pintle 

Height of upper pintle 

Lateral movement of drawbar 

Turning radius 

c. Performance. 

Speeds and drawbar pull: 

At 2,000 rpm (full throttle) 

First gear (1.87 mph) 

Second gear (2.98 mph) ... 

Third gear (4.21 mph) 

Fourth gear (4.88 mph) .... 

Fifth gear (6.72 mph) 

Sixth gear (11.00 mph) .... 
Low reverse gear (2.05 mph) 
High reverse gear (4.60 mph) 



12 in. 

. . 2 1 s /8 in. 

.34 Vi in. 

32 in. 

10 ft 10 in. 



18,350 lb 
10,950 lb 
7,160 lb 
5,860 lb 
3,560 lb 
1,120 lb 
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At 1,750 rpm (throttle in stop notch) 

First gear (1.63 mph) 20,120 lb 

Second gear (2.60 mph) 12,170 lb 

Third gear (3.68 mph) 8,080 lb 

Fourth gear (4.27 mph) 6,680 lb 

Fifth gear (5.88 mph) 4,230 lb 

Sixth gear (9.62 mph) 1,590 lb 

Low reverse (1.80 mph) 

High reverse (4.02 mph) 

Maximum trench crossing (estimated) 3 ft 

Maximum fording depth (at minimum speed): 

Without drain plugs in master clutch and steering clutch 

compartments 2 1 in. 

With drain plugs in master clutch and steering clutch com- 
partments 41 *4 in. 

Maximum grade ascending ability (estimated) 30 deg 

Maximum grade descending ability (estimated) 30 deg 

Allowable list (side slope) (estimated) 30 deg 

Maximum vertical obstacle 22 Vi in. 

d. Engine (General Motors 4-71 RC14). 

Number of cylinders 4 

Firing order 1-3-4 -2 

Bore and stroke 4 *4 in. x 5 in. 

Piston displacement 284 cu in. 

Rated speed (at full throttle) 2,000 rpm 

Rated speed (throttle in stop notch) 1,750 rpm 

Revolutions per minute (at maximum torque) 800—1,200 

e. Steering. 

Method Clutches 

Number of friction surfaces (each clutch) 30 

Total area of friction surfaces (each clutch) 1516.5 sq in. 

f. Tracks. 

Length of track on ground 6 ft 5 3 / S2 in. 

Ground contact area (each track) 1,542 sq in. 

Width of shoes 20 in. 

Grouser height 2 in. 

Number of track shoe bolts (per shoe) 4 

Diameter of track shoe bolts 2 % 2 in. 

Diameter of track pins 1% in. 

Diameter of track pin bushings 2Vz in. 

Number of shoes per track 32 

Ground pressure (approx.) 8.27 lb per sq in. 

Type of bearings in truck wheels and idlers Tapered roller 
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Figure 9— Heavy Tractor Ml —Bottom View 
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g. Winch. 

Length of drum 22% in. 

Diameter of drum 7 in. 

Length of cable 300 ft 

Diameter of cable % in. 

Maximum cable speed (bare drum) 33 ft per min 

Maximum pull 30,000 lb 

h. Power Take-Off. 

Rpm at rated engine speed (max) 540 

i. Capacities. 

Fuel tank 156 gal 

Engine crankcase 3 (4 gal 

Air compressor crankcase % qt 

Cooling system 9% gal 

Transmission case 6 gal 

Final drive case ' 2 gal 

Track release spring housing , 1 % gal 

Winch gear housing 1 gal 

Power take-off housing 2 Vs gal 
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Section III 

OPERATING INSTRUCTIONS AND CONTROLS 



Paragraph 

Inspection of new tractor 6 

Prepare new tractor for use 7 

Prepare new batteries for use 8 

Operation of new tractor 9 

Engine starting instructions (temperature normal) 10 

Engine starting instructions (temperature 40 F to 0 F) 11 

Engine starting instructions (temperature below OF) 12 

Stop engine '. 13 

Use of master clutch 14 

Transmission 15 

Steering 16 

Steering clutch brakes 17 

Steering down hill 18 

Operating in abnormal conditions ' 19 

Use of winch and controls 20 

Power take-off 21 

Use of trailer brakes 22 

Parking vehicles 23 

Lighting system 24 

Hour meter 25 

Mile meter 26 



6. INSPECTION OF NEW TRACTOR. 

a. Make a complete inspection for any shortage or damage which may 
have occurred while in transit or in storage. 

7. PREPARE NEW TRACTOR FOR USE. 

a. Remove the air cleaner oil bath cups to make sure they contain the 
correct amount and grade of oil (par. 73). 

b. Inspect the oil level in the engine crankcase, air compressor crank- 
case, transmission case, final drive gear cases, track release spring hous- 
ings, winch gear housing, and the power take-off housing. 

c. Lubricate all other parts of the tractor in accordance with instruc- 
tions in section IV. The truck wheels, track support rollers, and front 
idlers must be filled by means of a special flushing lubricator supplied 
with the tractor. These rollers have been filled with oil at the factory, 
but before tractor is put into operation they should be thoroughly flushed 
and refilled to remove any metal particles which might remain from 
manufacturing operation and have loosened during shipment. 

NOTE: All lubrication points are painted red. 
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d. Check and fill fuel tank with the correct fuel oil. Special care must 
be taken to prevent the entrance of dirt or foreign materials while filling 
the tank. 

e. Fill the cooling system with clean water. CAUTION : Remove the 
pipe plug (fig. 28) in the thermostat housing while filling cooling system. 
This allows the air to pass out of motor block while water is put in. 
Replace the plug when water runs out of the hole and finish filling. In 
winter weather, use a standard antifreeze solution in the cooling system. 
The solution should be tested daily and kept to the proper strength for 
the prevailing temperatures. The antifreeze used should have a higher 
boiling point than the engine operating temperature (160 F to 180 F). 

8. PREPARE NEW BATTERIES FOR USE. 

a. The batteries shipped with the tractor contain dry charged plates 
but no electrolyte. Vent plugs are screwed in tight and must remain so 
until the cells are filled with electrolyte. Keep vent plugs and sealing disks 
tight until ready to prepare battery for service; then discard disks. 

( 1 ) Remove sealing disks, located on top or under vent plugs, and 
make certain vent hdles in all plugs are open. 

(2) Fill cells to 3 /s inch above separators with electrolyte not warmer 
than 70 F. (Electrolyte is furnished with tractor.) 

(3) Let battery stand one hour; then, if liquid level has fallen, add 
electrolyte to restore level. Screw vent plugs in place. Wipe off any 
spillage. 

(4) Charge battery 16 to 20 hours at 14 amperes before placing in 
service. Use series charging (never constant potential) for this initial 
charging. 

9. OPERATION OF NEW TRACTOR. 

a. Operate a new tractor with a light load during the first 60 hours. 
After the first 10 hours of operation, the tractor should be stopped and 
inspected for loose bolts and nuts. The stearing clutch and the master 
clutch adjustments should be checked (pars. 108 and 112). 

10. ENGINE STARTING INSTRUCTIONS (Temperature Normal). 

a. Figure 10 shows the operating controls and instruments. 

b. Each time before starting engine, the operator should make a 
prestarting inspection (par. 34). Then proceed as follows: 

( 1 ) Close radiator shutter by pulling on shutter control lever. 

(2) Push engine shut-off control forward. 

(3) Open throttle lever to stop notch. 

CAUTION : See that master clutch and power take-off are disengaged 
and gear shift lever is in neutral position. 
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(4) Push starter pedal. As soon as engine fires and begins to run, close 
throttle to about three-quarter engine speed and allow engine to warm up. 
When engine temperature reaches 160 F, open radiator shutter; shutter 
should be adjusted so that an operating temperature of 160 F to 180 F is 
maintained at all times. 

(5) Check lubricating oil pressure. Oil pressure should be between 
25 and 35 on the gage with engine running at full governed speed and 
heated to normal operating temperature. Pressure may drop to five on the 
gage when engine is idling. If the oil is cold, no pressure may register for 
about 15 seconds after the engine starts. If the pressure does not rise 
to between 25 and 35 under normal operating conditions, the engine 
should be stopped and the cause determined. 

(6) Check fuel oil pressure. Fuel pressure at full governed engine 
speed should be from 20 to 30 on the gage. Operate throttle to meet 
various operating conditions. 



11. ENGINE STARTING INSTRUCTIONS (TEMPERATURE 
40 F to OF). 

a. Engine can be started in temperatures of zero or a little below by 
using the air heater, if engine and batteries are in good condition and 
lubricating oil used is of the proper viscosity. 

b. Operation of Air Heater. 

( 1 ) Close radiator shutter by pulley and shutter control. 

(2) Push engine shut-off knob to its “IN” position and open throttle 
lever to stop notch. 

(3) Release air heater fuel pump plunger by turning one-quarter to 
one-half turn counterclockwise. 

(4) Close air heater switch by pressing on the button at left side of 
dash, engage starter, and operate pump with smooth even strokes. 
NOTE: These three operations must be performed simultaneously. By 
doing this, practically all fuel pumped through the air heater will be 
burned, reducing collection of raw fuel in the air box to a minimum. If 
the starter is not used with the air heater, oxygen in the engine will soon 
be exhausted; then the flame will go out and raw fuel will be pumped 
into the engine. The air heater should be operated for a short period 
after engine starts; to keep the engine operating smoothly. 

(5) Check lubricating oil pressure (par. 10). 

(6) Check fuel oil pressure. Fuel pressure at full governed engine 
speed should be from 20 to 30 on the gage. Operate throttle to meet 
various operating conditions. 
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12. ENGINE STARTING INSTRUCTIONS (TEMPERATURE BE- 
LOW 0 F). 

a. In temperatures below zero, it may be necessary to use the engine 
preheater (figs. 11, 12, and 13). 

b. Install preheater intake assembly on engine in place of one of the 
air box inspection covers, if this has not been done previously. This 
intake elbow is divided into two parts by a baffle. The heater extension 
tube will fit into upper part. The lower opening is for exhaust of heater 
gases after circulation through the air box. 

c. Operation of Engine Preheater. 

( 1 ) Remove filler plug and fill case about two-thirds full of fuel oil, 
the same as is used in the fuel tank of the tractor. 

(2) Replace filler plug securely to prevent leakage. 

(3) Close needle valve. 

(4) Pump up to about 120 pounds pressure with hand pump. 

(5) Close air regulator plate next to preheater fan. 

(6) Plug preheater fan wire into the socket on front of cowl which is 
directly, connected to the battery. The heater fan should start imme- 
diately and run as long as the connection is maintained. 

(7) Separate heater from extension tube; then open needle valve 
until a good spray or mist is ejected. Ignite spray with a -match or other 
means; then place heater on extension tube. 

(8) Loosen wing nuts on the top of intake elbow and open cover. 
Place end of preheater extension tube into intake elbow. Open air regu- 
lator plate. Preheater will blow hot gases into engine air box and will 
circulate them around all cylinders. For the proper length of time to 
leave preheater on, refer to the following chart: 



Atmospheric Temperature 



Preheater On 



OF 10 to 15 minutes 

— 10 F 10 to 15 minutes 

— 20 F 10 to 20 minutes 

— 30 F 15 to 20 minutes 

— 40 F 15 to 30 minutes 



(9) After preheater has been in operation for the proper length of 
time, remove it; close needle valve and air regulator plate; remove plug 
from socket; close cover on intake elbow and fasten it securely. Start 
the engine immediately, using the engine air heater, as when starting in 
mild cold weather conditions. CAUTION: Do not attempt to start the 
engine until the engine preheater has been removed and the intake 
cover has been securely replaced. 
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Figure 1 1 —Engine Preheater 
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figure 12— engine Preheater 



Figure 13— Igniting Preheater Spray 
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d. The engine preheater is used to warm up engine for easy crank- 
ing only and will not aid combustion by furnishing warm air to the 
cylinders. For this reason, it is necessary to use the engine air heater, as 
this unit heats the cold air before it is drawn into the combustion chamber. 

e. Place preheater back in box on tractor. 
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13. STOP ENGINE. 

a. Close the throttle lever and pull engine shut-off knob all the way 
out. 

14. USE OF MASTER CLUTCH. 

a. When the correct gears are engaged, open the throttle and pull 
back steadily on master clutch lever until all slack is taken up between 
tractor and load; then, pull lever back quickly to full extent to lock 
clutch in its engaged position. 

b. Do not slip the master clutch in an effort to pull an overload at 
high speeds. Avoid excessive wear on the clutch disk facings by shifting 
to a lower speed when necessary. Do not let engine idle with master 
clutch disengaged. When engine is idling, shift gears into neutral and 
engage master clutch. 

15. TRANSMISSION. 

a. Description. The transmission has six forward and two reverse 
speeds. The high and low range make possible this variety of speeds. 

b. Care. The transmission requires .little attention other than main- 
taining proper oil level. Lubrication instructions are covered in section 
IV. The transmission case should be washed with OIL, engine, SAE 10, 
at the time the oil is changed. Fill to the proper level with OIL, engine, 
SAE 10. Operate the tractor in low gear first for a few minutes. Drain 
and lubricate. 

c. Use of Gear Shift Levers (figs. 14 and 15). Two levers are used 
to shift the gears. The left lever (looking forward) is an auxiliary lever 
for shifting the auxiliary gears and has two positions, indirect (forward) 
and direct (backward). The right lever is the gear shift lever and has 
four positions. When the auxiliary gear shift lever is in the direct (back) 
position the tractor can be run in third, fifth, sixth, and high reverse; 
when in indirect (forward) position the tractor can be run in first, second, 
fourth, and low reverse. 

d. The following chart shows the position of the two gear shift levers 
to obtain any of the six forward and two reverse speeds: 



Gear Gear Shift Lever Auxiliary Shift Lever 



First Left and back Forward (indirect) 

Second Right and forward Forward (indirect) 

Third Left and back Back (direct) 

Fourth Left and forward Forward (indirect) 

Fifth Right and forward Back (direct) 

Sixth Left and forward Back (direct) 

Low reverse Right and back Forward (indirect) 

High reverse Right and back Back (direct) 



Once a speed has been selected and the tractor is in operation, further 
gear shifting cannot be done until the clutch has been disengaged and the 
tractor stopped. 
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Figure 14 — Gear Shift Instruction Plate 




e. To shift gears, push master clutch lever forward and shift gears to 
the desired speed. When the master clutch lever is pushed forward, it 
forces the release bearing carrier against the clutch brake assembly fas- 
tened to the clutch shaft, thus bringing the transmission gears to a rapid 
stop. This quick stopping of the gears enables the operator to shift with- 
out clashing the gears. 
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16. STEERING. 

a. Steering the tractor is accomplished by the use of steering clutches 
which are operated by steering levers to disconnect power from either 
track. Turn the tractor in the desired direction by pulling back to the 
full extent the steering lever on the side toward-which the turn is to be 
made. This disengages the clutch on that side and should be done 
quickly and evenly to avoid excessive clutch wear. CAUTION: Do not 
release the levers and let them fly forward. Do not operate tractor with 
steering clutches partially disengaged. Avoid excessive wear of the steer- 
ing clutches by releasing and engaging the steering clutches smoothly 
and completely. 

17. STEERING CLUTCH BRAKES. 

a. The steering clutch brakes are for retarding the speed or holding 
the track on the inside of the turn stationary when the steering clutch on 
that side is released for making the turn. Always release the steerjng 
clutch before depressing the brake when making a turn. The steering 
brakes are also used as service brakes for retarding the speed of the 
tractor when going down grade and to hold the tractor stationary. 

18. STEERING DOWN HILL. 

a. In steering the tractor down steep grades with the load pushing 
the tractor, the use of the steering clutches is opposite to that of a tractor 
pulling a load. If it is desired to make a turn toward the right, the left 
steering clutch should be released. The engine, being connected to the 
right track, acts as a brake retarding its progress, while the left track 
is released and free to travel faster. 

b. If a shorter turn is desired when the load is pushing the tractor, 
apply the brake on the side opposite the side on which the clutch is 
released. 

19. OPERATING IN ABNORMAL CONDITIONS. 

a. The master clutch and steering clutch compartments are dry 
compartments and are provided with drain holes to drain out any oil 
that might leak into the compartments by overlubrication or other 
causes (fig. 9). In normal operation, these holes are to be left open. 
When operating in mud, water, or extreme dusty or sandy conditions 
the plugs provided with the tractor should be installed in these drain 
holes to prevent the entrance of dirt or water. The plugs should be 
removed daily to allow any oil or grease that might accumulate in the 
compartments to drain out, preventing it from getting on the brake 
bands or clutch facings. If the tractor is idle at night, the plugs may, be 
removed to drain the compartments, then replaced in the morning. 
Inspect the final drives frequently and drain, wash, and refill the case 
as often as the lubricant shows the presence of any mud or water. 
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20. USE OF WINCH AND CONTROLS. 

a. To Engage the Winch. Before operating the winch, the engine 
must be idling and the tractor stopped, with the engine clutch disen- 
gaged. Then, pull the power take-off shifter lever back until the lock on 
the lever engages in the front notch (unwinding position for urireeling 
cable from drum). Release the winch brake, engage the master clutch, 
and the cable will unreel from the drum. Unreel just enough cable so 
that the hook can be attached to the load and disengage the master 
clutch. 

b. To pull load after cable is attached, push power take-off shifter 
lever ahead until lock catches in rear notch (winding position). Set the 
foot brakes by pushing the brake pedals down hard and lock them by 
lifting up on brake pedal lever locks. Engage master clutch and cable 
will wind up and pull load. NOTE: Winch can be operated in either 
of two speeds by shifting the tractor auxiliary gear shift lever. Direct 
position gives the highest winch speed. In indirect position, the winch 
runs at 44 percent of the speed when in direct position and gives a corre- 
sponding increase in winch pull. Use caution in engaging load to pre- 
vent cable breakage or excessive strain on winch. Always try to keep 
cable wound evenly and smoothly on the drum. Stop winch by disen- 
gaging master clutch. If load is to be moved a little at a time, cable 
will be held taut when master clutch is disengaged by the automatic 
safety brake on the winch worm shaft. If cable is tight when pull is com- 
pleted, move tractor ahead to relieve strain so cable may be released. 
Wind cable up, release jaw clutch and pull power take-off shifter lever 
into neutral position (lock in middle notch). Set winch hand brake 
by pushing inside lever on fender forward. CAUTION : Never pull 
out winch jaw clutch when winch is under load. 

c. The winch hand brake is used only to control the drum when 
reeling off cable by hand or if another machine is pulling on the cable 
to unreel it. CAUTION : Be sure jaw clutch is disengaged if cable is 
unreeled in this way. 

21. POWER TAKE-OFF. 

a. Bearings on the upper power take-off shaft are splash-lubricated, 
and if the tractor is used with the power take-off disengaged, these bear- 
ings will receive no lubrication. Therefore, while the tractor is running, 
the power take-off should be engaged once a day and run a few min- 
utes in order to lubricate these bearings. CAUTION: Make sure that 
this is done to prevent these bearings from running dry and freezing. 

22. USE OF TRAILER BRAKES. 

a. Brakes on a trailer pulled by the tractor may be operated either 
by air or by electricity (depending on the type of brakes mounted on 
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the trailing unit) since the tractor is equipped with complete controls 
and operating mechanism for both air brakes and electric brakes. Trailer 
brakes operate only on the load behind the tractor and are not effective 
in stopping the tractor itself. 

b. The trailer brakes have two controls. The hand grip on the right 
steering clutch lever (fig. 10), when compressed, operates either the air 
or the electric brakes, while the hand control on the right of dash is 
used for operating the air brakes only. Only one system is used at a 
time, depending on whether drawn vehicle is equipped with air or elec- 
tric brakes. 

c. Connections. 

( 1 ) Two air hose couplings are provided for connecting trailer air 
brake hoses. The one on the left is marked “SERVICE” and the one on 
the right “EMERGENCY.” The corresponding hoses on the trailer 
should be connected to these couplings. When tractor is operating with- 
out trailer, valves should be closed and the dummy couplings hanging 
on tractor should be installed to keep dirt and dust out of system. 

(2) The rear coupling socket on the tractor is wired so that when 
the plug from a trailer vehicle equipped with electric brakes is inserted, 
all electric brake and light apparatus will operate properly from tractor 
light switches and brake controls. 

d. Operation of Electric Brakes. The brakes should be operated 
according to the requirements of the trailer. If a light braking effect is 
desired, the electric brake load control at the right of dash may be set 
accordingly. Turning knob to left (counterclockwise) gives a lighter 
braking effect, and turning knob to right increases braking power. The 
brake can be applied only by squeezing grip on right steering clutch 
lever. Trailer stop light goes on automatically. 

e. Operation of Air Brakes. The air brakes can be applied either 
by squeezing the steering lever grip or by moving hand air brake con- 
trol at right of dash to the right. Use air brakes lightly by moving air 
brake control lever clear to right and back halfway quickly. Repeat 
this action until stop is made. This causes brake shoes to be applied 
repeatedly against brake drums without locking and sliding wheels. 
When it is necessary to stop the vehicle as quickly as possible, the 
operator can lock the wheels by holding the lever all the way to the 
right until the stop is made. The steering lever grip is operated in the 
same manner if this brake control is used. 

f. The master clutch of the tractor should be disengaged and tractor 
brakes applied whenever trailer brakes are used. Care should be taken 
that trailer and tractor brakes are applied evenly and at the same time 
to prevent jackknifing of the tractor and trailer unit. 
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23. PARKING VEHICLES. 

a. If tractor and trailer are to be parked, especially on a slope where 
there is a possibility of rolling, the tractor foot brakes should be set by 
depressing pedals as far down as possible and lifting brake pedal lever 
locks to lock them in position. 



24. LIGHTING SYSTEM. 

a. The lighting control system on the tractor is designed to operate 
both the lights on the trailed vehicle and those on the tractor. Proper 
connections are located at the rear of the tractor. 

b. Light Switches. The light switch at left of dash has three posi- 
tions for turning on the various lights. When the knob is pulled out to 
the first stop, only the blackout lights are turned on. For regular service 
lights, the small button on the top of the switch must be pressed down 
and knob pulled out to the second stop. To use the stop light only, for 
day driving, press top button and pull knob full out. This light goes on 
automatically when th'e master clutch lever is pushed forward to dis- 
engage clutch. 

c. The panel light is turned on by pulling out knob marked 
“PANEL LIGHT.” This will not function unless other lights have been 
turned on also. 

d. Turn off all lights by pushing knobs all the way in. 



25. HOUR METER (fig. 16). 

a. Description. This meter is electrically operated. A small auto- 
matic pressure switch is closed by oil pressure as soon as the engine is 
started and the oil pressure reaches five pounds. The small hand at the 
top left of the dial will then start rotating. This hand indicates that the 
meter is operating. 

b. How to Read Hour Meter. 

(1) The three hands in the center of the dial record the number of 
hours the tractor has operated and are of three different lengths. Total 
hours is determined by reading the number each hand has passed, the 
same as we look at a clock to see which number the hour hand, the 
minute hand, and the second hand have passed, and thereby tell the 
time. 

(2) The shortest hand requires 1,000 hours of operation for it to 
pass each numeral, or 10,000 for a complete revolution. It stands be- 
tween 2 and 3 which indicates over 2,000 hours of operation (fig. 16). 
This indicates that the first numeral in the number of hours operated 
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figure 1 6— Hour Meter 

will be 2, followed by three other numerals indicated by the position 
of the other two hands, which in turn show how many hours more than 
2,000 that the tractor has operated. 

(3) The middle length hand requires 100 hours of operation for it 
to pass each numeral, or 1,000 hours for a complete revolution. In 
figure 16 it stands between 3 and 4, which indicates over 300 hours 
that must be added to the 2,000. The second numeral then will be 3. 
Now observe the position of the longest hand to determine in the same 
manner how many hours must be added to the 2,300 indicated by the 
other two hands. 

(4) This longest hand requires 1 hour of operation for it to pass 
each mark on the outer circle, 10 hours to pass each numeral or 100 
hours for a complete revolution. Here it stands on the second mark past 
9, which indicates 92 hours to be added to the 2,300 so that the correct 
meter reading is 2,392. 

c. The small hand at top left of dial will continue to rotate for 
approximately a minute after engine is stopped, or until oil pressure 
drops below five pounds. 
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26. MILE METER. 

a. Description. This meter is located at the left side of the dash and 
distances traveled should be entered in log book for record purposes. 
The mile meter is driven by a flexible cable extending from the back 
of meter into the transmission case to a spur gear driven by a worm 
gear on the front end of the lower transmission shaft. 

b. How to Read Mile Meter. Refer to paragraph 25 b on reading 
of hour meter. The mile meter should be read in the same manner as 
the hour meter, except that miles will be noted instead of hours. 
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27. GENERAL. 

a. The following lubrication instructions for the Heavy Tractor Ml, 
Allis-Chalmers HD-10W, are published for the information and guidance 
of all Concerned, and supersede all previous instructions. 

b. References. Materiel must be lubricated in accordance with the 
latest instructions contained in technical manuals and/or ordnance field 
service bulletins. 

28. LUBRICATION GUIDE. 

a. Lubrication instructions for all points to be serviced by the using 
arms are shown in the lubrication guide (figs. 17 and 18) which specifies 
the types of lubricants required and the intervals at which they are to 
be applied. 

29. DETAILED LUBRICATION AND SERVICE INSTRUCTIONS 

FOR USING ARMS. 

a. Air Cleaner. Proper maintenance of air cleaner is essential to 
prolonged engine life. Service air cleaner as indicated on lubrication 
guide. 

b. Fuel Filters. When elements become plugged, replace with new 
elements. Do not attempt to wash old elements. The average period 
of replacement is 400 hours, or until drop in fuel pressure is noted. 
Service fuel filters, as indicated in note 9 of lubrication guide. 

c. Oil Filter. Earlier models have two oil filters. Later models have 
only one. 

( 1 ) The filter common to all models is on the right-hand side of the 
engine and should be serviced as follows: 

(a) Remove drain plug from filter adapter and drain filter housing. 

(b) Remove stud from top of filter housing and lift off housing. 
Remove filter element. 
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( c ) Wash element in Diesel fuel. Scrub with soft brush. Do not 
scrape with sharp instrument or wire brush, as damage may result. 

(d) Clean filter housing and adapter. Reassemble filter. 

(2) The second oil filter, used only in earlier -models, should be 
serviced as follows: 

( a) Remove filter element every 240 hours of operation. 

(b) Wash filter base and shell. Install new element. 

-d. Generator. The two hinged cap oilers should be lubricated 
sparingly with OIL, engine, crankcase grade, every 64 hours of opera- 
tion. Do not oil excessively. CAUTION : Never oil commutator. 

e. Final Drive. Service final drive as indicated in lubrication guide. 
Magnetic drain plug is designed to catch all iron particles that might 
chip or wear off during operation. This plug should be cleaned and 
magnetism tested each time it is removed to drain final drive case. 

f. Steering Clutches and Master Clutch. Washing of clutch units 
about every 240 hours is essential to efficient operation. Wash each 
clutch as follows: 

(1) Lubricate throwout bearings. 

(2) Install plug in drain hole of steering clutch compartment. 

(3) Fill compartment with 5 gallons of Diesel fuel or SOLVENT, 
dry-cleaning, bringing level to about 4 inches below the steering clutch 
shaft. 

(4) Start engine and move tractor for several minutes without re- 
leasing steering clutches. Stop tractor and drain compartment. 

(5) Replace .plugs and fill with the same amount of Diesel fuel or 
SOLVENT, dry-cleaning. Operate tractor with no load for 5 minutes, 
releasing both steering clutches as often as possible. Remove drain plug 
and return it to tool box. Drain, and permit clutches to dry. 

(6) Lubricate clutch throwout bearings and mechanism. 

(7) Drain, flush and refill final drive compartment with lubricant 
recommended on lubrication guide. 

(8) Use similar procedure for washing master clutch. Lubricate re- 
lease mechanism and linkage by splashing about one quart of OIL, 
engine, SAE 10, against back of clutch assembly and over release assem- 
bly linkage. Allow oil to drain from clutch compartment. 

g. Power Take-Off. CAUTION : Bearings of the upper power take- 
off shaft are splash-lubricated. If the tractor is used with the power 
take-off disengaged, these bearings will receive no lubrication. Power 
take-off should be engaged at least once a day and operated for a few 
minutes to assure that these bearings receive lubrication. Breather cap 
on top of power take-off housing should be washed periodically in clean 
Diesel fuel. 
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TABLE OF CAPACITIES AND LUBRICANTS TO BE USED 



Capacity 


Above -J-32 0 


+ 32' to 0' 








Caution: Use only U.S. Army Spec. 


-104a 






OE 


OE 




CRANKCASE 


13 qt. 


SAE 30 


SAE 10 




TRANSMISSION 


24 qt. 


GO 


GO 


para. 


FINAL DRIVE (each unit) 


8 qt. 


SAE 90 


SAE 80 


135 
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Figure 17— Lubrication Guide 
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NOTES 

Additional Lubrication and Service Instructions on Individual Units and Parts 
COLD WEATHER: For Lubrication and Service below 0°, refer to Sect. XXV 

1. FITTINGS — Clean before applying lubricant. (Winch) Lubricate until new grease is forced from the 
bearing, unless otherwise specified. CAUTION: Lubricate after washing tractor. 

2. AIR CLEANERS — Proper maintenance of air cleaners is essential to prolonged engine life. (Engine 
air cleaners) Check level every 8 hours. Clean and refill to circular level mark with used crankcase oil or 
OIL, engine, crankcase grade, every 8 to 30 hours, depending on dust conditions. Remove entire air 
cleaner twice a year, wash and reoil. Clean air pipes and reassemble. Keep all connections tight. Empty 
pre-cleaners every 8 hours or more frequently if required. CAUTION: Do not allow dirt level to rise 
above top of glass. (Air compressor air cleaner) Remove filter mat and wash every 128 hours. (Air 
compressor governor air cleaner) Remove and wash strainer every 240 hours. 

3. CRANKCASE — Check oil level daily. Drain only when engine is hot. Drain every 64 hours and refill to 
FULL mark on gage. Run engine a few minutes and recheck oil level. CAUTION: Be sure pressure gage 
indicates oil is circulating. 

4. GEAR CASES- — -Check level weekly, except track release spring housing, check every 240 hours; add 
lubricant if necessary. Check -with tractor on level ground. Make visual inspection for leakage weekly. 
Report leakage to ordnance maintenance personnel. Drain, flush and refill as indicated at points on 
Lubrication Guide. When draining, drain immediately after operation. Clean and reoil gauze in power 
take-off fill pipe cap with OIL, engine, crankcase grade, every 64 hours. CAUTION: Bearings on the 
upper power take-off shaft are splash lubricated. If the tractor is used with the power take-off dis- 
engaged, these bearings will receive no lubrication. Power take-off should be engaged at least once a 
day and operated for a few minutes to insure that these bearings receive lubrication. 

5. TRACK SUPPORT ROLLERS, IDLERS AND TRUCK WHEELS — Remove plugs and flush with LUBRI- 
CANT, gear, universal, seasonal grade. CAUTION: Service front idlers with 10 strokes each, track 
support rollers with 8-1/2 strokes each and truck wheels with 6 strokes each, using AC flushing 
lubricator. 

6. STEERING CLUTCH THROWOUT BEARINGS. BELL CRANK PIVOT PIN, BRAKE BELL CRANK — 
Use GREASE, general purpose, seasonal grade. (Steering clutch throwout bearings and bell crank pivot 
pin) Lubricate every 8 hours. (Brake bell crank) Lubricate sparingly every 128 hours. To reach fit- 
tings,- remove driver's seat. 

7. ENGINE AND STEERING CLUTCH COMPARTMENTS — Remove plugs daily after using tractor to 
drain accumulated oil. Replace plugs. CAUTION: Be sure that plugs are in place when operating in 
deep mud or water. 

a. Steering clutches and engine clutch — Washing of dutch units about every 240 hours is essential 
to efficient operation. Use the following procedure: Lubricate throwout bearings until they are filled. 
Install plugs in drain holes of steering clutch compartment. Fill compartment with 5 gal. of diesel 
fuel or SOLVENT, dry-cleaning, bringing level to about 4 in. below steering clutch shaft. Start engine 
and run tractor back and forth for several minutes without releasing steering clutches. Stop tractor 
and drain each compartment. Replace plugs and refill with same amount of clean SOLVENT, dry- 
cleaning. Operate tractor with no load for. 5 minutes, releasing both steering clutches as often as 
possible. Drain and permit clutches to dry. Lubricate clutch throwout bearings and mechanism. Drain, 
flush and refill final drive comportments with LUBRICANT, gear, universal, SAE 90. 

8. ENGINE CLUTCH CAMS — Remove cover at top of clutch housing, turn crank to reach 3 fittings. 

9. FUEL FILTERS — First Stage) Located under seat. Remove and replace element every 300 to 500 
hours depending upon operating condition. Be sure gasket around the filter housing is in good condi- 
tion. Drain sediment trap through drain plug at bottom of trap. (Second Stage) Remove and renew 
cartridge every 300 to 500 hours depending on operating conditions. Fill filter with oil. Be sure gasket 
around the filter housing is in good condition. Open drain plug daily to remove sediment and water. 
(Third Stage) Remove and replace element every 300 to 500 hours depending on operating condition. 
Install spring and element with end marked "top" up. Fill filter with fuel. Install new gasket. If cotton 
wound filter element is used, place washer over hollow stud in filter housing. 

10. OIL FILTER — Clean oil filters at each crankcase oil change. Remove drain plug in filter base and 
drain filter body. Remove nut from top of filter' body and lift off center shell. Remove filter elements. 
Wash elements in diesel fuel being careful not to scratch or distort elements. Dry all parts and re- 
assemble filter. After cleaning filter, refill crankcase to FULL mark on gage. Run engine a few minutes 
and recheck oil level. Early models) Every 240 hours or every fourth oil change, wash filter base and 
shell and install new cartridge in secondary stage filter. 

11. STARTER — Use OIL, engine, SAE 30, sparingly every 240 hours. If removed, lubricate outboard bear- 
ing through oiler with OIL, engine, SAE 30. 

12. COMPRESSED AIR TANK — Drain water from air tonk daily. 

13. UNIVERSAL JOINTS AND SLIP JOINT — Remove guard. Lubricate with GREASE, general purpose, 
seasonal grade. (Early models) Remove plugs and insert fittings to lubricate. Replace plugs. (Late 
models) Lubricate through fittings. 

14. WINCH JAW CLUTCH — When operating in dusty or muddy conditions, the sliding jaw clutch must 
be cleaned frequently and oiled with OIL, engine, seasonal grade, to insure smooth operation. 

15. OIL CAN POINTS — Lubricate control shafts and clevises with OIL, engine, crankcase grade, every 
64 hours. 

16. POINTS REQUIRING NO LUBRICATION — Tracks, clutch pilot bearing, chain. 

RA PD 53972B 



Notes for Figures 1 7 and 1 8 
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h. Winch. Gear cases and other points are lubricated at intervals 
corresponding with those for the tractor itself. They should be lubri- 
cated, as indicated on the lubrication guide. 

i. Winch Jaw Clutch. When operating under dusty or muddy condi- 
tions, the sliding jaw clutch must be cleaned frequently and lubricated 
with OIL, engine, seasonal grade, to insure smooth operation. 

j. Drive Chain. Clean frequently and oil with LUBRICANT, gear, 
universal, SAE 90. 

k. Clutch Hub and Pilot Bearing. At 100 hour inspection or when 
engine is removed, disassemble, clean and repack with GREASE, ball 
and roller bearing, and reassemble. 



30. POINTS TO BE LUBRICATED BY ORDNANCE MAINTE- 
NANCE PERSONNEL. 

a. Water Pump. Packed at assembly. If disassembled, clean and 
repack bearings with GREASE, ball and roller bearing. 

b. Starter. Clean and repack all ball bearings with GREASE, 
special, high temperature. 

c. Generator. 

(1) Clean and repack ball bearings with GREASE, special, high 
temperature. 

(2) Coat pole and exposed armature shaft surfaces with OIL, engine, 
SAE 30, to prevent rusting. 



31. REPORTS AND RECORDS. 

a. Reports. If lubrication instructions are closely followed, proper 
lubricants used, and satisfactory results are not obtained, a report will 
be made to the ordnance officer responsible for the maintenance of the 
materiel. 

b. Records. A complete record of lubrication servicing will be kept 
for the materiel. 



32. SUPPLEMENTARY LUBRICATION ILLUSTRATIONS. 

a. The location of lubrication fittings and methods of lubrication are 
shown in figures 17 to 23 inclusive. 
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GENERATOR 



WINCH WORM DRIVE 
HOUSING FILL PLUG 



MASTER CLUTCH 



RELEASE BEAR I NG 



RA PD 17706 



RA PD 17704 



RA PD 17665 



RA PD 17236 
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Figure 1 9 — Lubrication Fittings 
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ESXpmQSI 






■ ij 



BELL CRANK PIVOT PIN 



STEERING CLUTCH THROWOUT BEARINGS 



RA PD 17221 



Figure 20 — Lubrication Fittings 














UNIVERSAL JOINT] 
UNIVERSAL SLIP JOINT Jjj 



POWER TAKE-OFF LEVEL 



FINAL DRIVE FILI 



POWER TAKE-OFF DRAIN 



DRIVE SHAFT BEARINGS 



[TRACK RELEASE HOUSING 



STABILIZER MECHANISM 



TRUCK WHEELS 










Figure 22— Cutaway Truck Wheel with Flushing Lubricator , 
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Figure 23— Lubricating Truck Wheels 
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33. GENERAL. 

a. To insure mechanical efficiency, it is necessary that the tractor 
be systematically inspected at regular intervals in order that defects 
may be discovered and corrected, and the necessary adjustments made 
before damage results. 

b. Cracks that develop in castings or other metal parts may often 
be detected by dust and oil deposits after the completion of a run. 
General wear of all parts should be noted at all inspection periods, and 
parts needing replacement because they are nearly worn out, should be 
reported before break-down occurs. 



34. PRESTARTING INSPECTION. 

a. Before the engine is started, the operator or organization per- 
sonnel should check the following: 

( 1 ) Check the fuel supply. 

(2) Remove the bayonet gage to determine engine crankcase oil 
level. If found to be below “FULL” mark, add one quart of the correct 
oil for each mark that level is below “FULL.” 

(3) Check air compressor oil level. Add oil if necessary. 

(4) Inspect water or antifreeze solution in cooling system. Add liquid 
if no water can be seen when radiator cap is removed. 

(5) Inspect the entire unit for loose bolts or nuts if repairs have 
been made since the previous operating period. 

(6) Check oil level in final drives. Keep filled to level of filler plug. 

(7) Check transmission oil level. This level should be kept between 
“LOW” and “FULL” marks on bayonet gage. 
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(8) Make inspection of tractor tool equipment. Report any tools or 
special equipment missing. 

(9) Inspect for presence of fire extinguisher. 

(10) Make sure that all operating levers work freely and correctly. 

(11) Make sure that all lights and brakes are in operating condition. 

(12) Make sure that equipment which tractor is pulling is securely 
hitched and safety cables or chains are in place. 

(13) Observe operating instruments. Oil pressure gage should read 
zero, fuel pressure gage zero, ammeter zero, etc. 

(14) Drain fuel tank sediment sumps. 

(15) Drain second stage fuel filters. 

35. INSPECTION DURING OPERATION. 

a. An operator should make it a habit to glance often at the operating 
instruments to be sure all parts of tractor are functioning properly. He 
should be alert for indications of abnormal operation of the engine and 
tractor. If instruments fluctuate abnormally, the cause should be im- 
mediately determined. After engine reaches operating temperature (170 
F to 180 F), oil pressure should be 25 to 35 pounds, fuel pressure 20 to 
30 pounds at three quarters or full throttle. Radiator shutter should be 
regulated to keep engine at operating temperature. 

b. Operator should note if master clutch engages and disengages prop- 
erly and if pull required to engage clutch is 50 to 55 pounds when engine 
is running. 

c. The steering levers and brake pedals should be checked for clear- 
ances and operation. 

d. Any slippage of clutches should be detected and corrective 
measures taken immediately. 



36. INSPECTION AFTER OPERATION. 

a. The following points should be inspected after operation and all 
oil levels brought up to “FULL.” 

(1) Engine and air compressor crankcases oil level. 

(2) Transmission case oil level. 

(3) Final drive gear cases oil level. 

(4) Winch gear housing oil level. 

(5) Power take-off oil level. 

(6) Cooling system. Add water if necessary. 

(7) Batteries. Keep water level three eighths of an inch above sep- 
arators. 
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(8) Precleaners. Empty dirt out of compartments. 

(9) Air cleaners. Remove oil cups, clean and refill to proper level. 

(10) Open fuel tank drain cocks to remove water and dirt from 
sediment sumps. 

(11) Open air tank cocks to allow any accumulated water to drain 
out. 

(12) Inspect for loose bolts, nuts, or broken parts. 
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37. INSPECTION AFTER EACH 50 HOURS OF OPERATION. 

a. Check. 

(1) Master clutch adjustment (par. 108). 

(2) Steering clutch thro wout adjustment (par. 112). 

(3) Brake adjustment (par. 115). 

(4) Front idler and track adjustment (par. 120). 

(5) Winch worm shaft safety brake (par. 125). 

38. INSPECTION AFTER EACH 100 HOURS OF OPERATION. 

a. Check. 

(1) Generator belt adjustment (par. 87). 

(2) Air compressor belt adjustment (par. 103). 

(3) Fan belt adjustment (par. 80). 

(4) Remove air compressor filter mat and wash in gasoline. Do this 
more often in extremely dusty conditions (par. 103). 

- (5) Wire insulation and connections. 

(6) Check fuel filters under seat. Install new filter elements if 
necessary. 

b. See that air box vent tube is not clogged. Remove and clean if 
necessary. 

c. Measure engine valve clearance. Adjust to 0.010 inch, with engine 
at operating temperature (par. 60). 

39. INSPECTION FOR OPERATION IN WATER. 

a. Before driving the tractor into water, the operator should estimate 
what the maximum depth will be, the kind of footing the tractor will 
have for traction, and the length of time the tractor will be in the water. 

b. If the water is over 20 inches deep, the two large pipe plugs in the 
tractor tool box should be installed in the two drain holes in the bottom 
of the transmission case. This will prevent water getting into the steering 
clutch compartment. The small pipe plug should be installed in the 
drain hole of the master clutch compartment. 

c. With these plugs installed, the tractor is capable of operating in 
water up to a depth of about 41 inches. The ends of the fan blades, 
when at the lowest point, are 41% inches above the ground (measured 
from the tip of the grousers). As long as the fan blades do not hit the 
water, no damage will result. If the fan blades do hit the water, the 
angle of the blades is such that they will bend out and cut into the 
radiator core. 

d. After operating in water, the drain plugs should be removed. 
The, tractor should be allowed to stand for a short while and the drain 
plugs in the final drive cases and track release housings loosened and 
removed partially to see if any water or dirt has entered these housings. 
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SERVICE 

Tractor, Heavy, Ml 

Air Pre-Cleaners — Remove and 
clean dirt compartment after 
operation or more often in ex- 
tremely dusty condition. Level of 
dirt in compartment should never 
be allowed to become higher 
than top of glass. 

Fuel Filters — Replace fuel filter 
'elements in first stage fuel filter, 
second stage fuel filter and third 
stage fuel filter monthly or 
whenever a drop in fuel pressure 
indicates fuel filters are clogged. 




Batteries — Check water level in 
batteries, located under seat, 
after operation and add distilled 
water regularly to keep water 
level %" above separators. Keep 
top of batteries and terminals 
clean. * A PD 17246 




Figure 25— Service Instructions 
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SERVICE 

Tractor, Heavy, Ml 

Cooling System — Both water pump 
drain and radiator drain should 
be opened to completely drain 
system. When filling system 
thermostat plug must be re- 
moved, until water reaches level 
of plug, to allow air to escape. 
Drain, flush, and refill cooling 
system monthly. 

Air Compressor Filter — Remove air 
compessor fifter and wash out 
with gasoline or fuel oil every 
100 hours or oftener in dusty 
conditions. Saturate filter mat 
with light engine oil before 
replacing. 

Air Reservoir— Open drain cock on 
bottom of tank after operation 
to allow any accumulated water 
to drain out. 

Sediment Sumps — Drain woter and 
dirt from sediment sumps, 
located under fuel tank, after 
operation. This should be done 
before eadf operating period. 

RA PD 18045 




{thermostat plug 



Figure 26— Service Instructions 
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This is especially important in cold weather when the water might 
freeze. If any water or dirt has entered these compartments, they 
should be drained, flushed out, and refilled with clean oil. 

e. The plugs used in the master clutch and steering clutch compart- 
ments should always be put in tractor tool box when removed to prevent 
loss and insure having them with tractor when again needed. 

40. INSPECTION FOR OPERATION IN DEEP SNOW. 

a. Before driving in deep snow, install the two large pipe plugs in 
the drain holes in the bottom of the transmission case to prevent snow 
getting into the steering clutch compartment. The small pipe plug 
should be installed in the drain hole of the master clutch compartment. 

b. After the vehicle has been operated in deep snow, the following 
inspection should be made: 

( 1 ) Remove snow which has become hard-packed in the track open- 
ings, and inspect track rollers and truck wheels for any damage. 

(2) Inspect bottom of vehicle for any damage which may have been 
caused by striking objects hidden in the snow. 

(3) Inspect final drive cases and track release housing for water 
and dirt. Drain, flush out, and refill with clean oil if necessary. 

41. INSPECTION FOR OPERATION IN SANDY TERRAIN. 

a. Before driving in sand, install pipe plugs in the drain holes in the 
transmission case and the master clutch compartment. 

b. After the vehicle has been operated in sandy terrain and dust 
laden atmosphere, the following inspection should be made: 

(1) Inspect precleaner and remove any accumulated dirt. 

(2) Inspect air cleaner, and clean and refill with new oil if necessary. 

(3) Inspect fuel and oil filters. Clean filters or replace filtering ele- 
ment where required. 

42. INSPECTION FOR OPERATION IN DEEP MUD. 

a. Before driving in deep mud, install the pipe plugs in the drain 
holes in the transmission case and the master clutch compartment. 

b. After the vehicle has been operated in deep mud, it should be 
thoroughly washed, all mud removed, and the following inspections 
made : 

( 1 ) Inspect lubrication fittings to determine if they have become 
clogged with mud. Remove any mud present, and lubricate part. 

(2) Check rollers and truck wheels for free movement to determine 
if any mud has found its way into the bearings. 

(3) Inspect final drive cases and track release housing for water and 
mud. Drain, flush out, and refill with clean oil if necessary. 
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43. RECORDS. 

a. Use. An accurate record must be kept of each motor vehicle 
issued by the Ordnance Department. For this purpose the Ordnance 
Motor Book (O. O. Form No. 7255), generally called “Log Book,” is 
issued with each vehicle and must accompany it at all times. This 
book furnishes a complete record of the vehicle from .which valuable 
information concerning operation and maintenance costs, etc., is ob- 
tained, and organization commanders must insist that correct entries 
be made. This book will habitually be kept in a canvas cover to pre- 
vent it from being injured or soiled. 

b. Assignment Record. The page bearing a record of assignment 
must be destroyed prior to entering a combat zone. All other references 
which may be posted regarding the identity of the organization must 
also be deleted. 

44. CLEANING. 

a. Grit, dirt, and mud are the sources of greatest wear to a vehicle. 
If deposits of dirt and grit are allowed to accumulate, particles will 
soon find their way into bearing surfaces, causing unnecessary wear, 
and, if the condition is not remedied, will soon cause serious difficulty. 
When removing engine parts or any other unit, in making repairs and 
replacements, or, if in the course of inspection, working joints or bearing 
surfaces are to be exposed, all dirt and grit that might find its way to the 
exposed surfaces must first be carefully removed. The tools must be 
clean, and care must always be taken to eliminate the possibilities of 
brushing dirt or- grit into the opening with the sleeve or other part of 
the clothing. To cut oil-soaked dirt and grit, hardened grit, or road oil, 
use SOLVENT, dry-cleaning, applied with cloths (not waste) or a brush. 
Care should be taken to keep water from entering electrical accessories 
such as starter, generator, etc. Detailed information on cleaning is 
included in TM 9-850. 

b. Oil cups or grease fittings which have become clogged should 
be opened with a piece of wire. Wood should never be used for this 
purpose, as splinters are likely to break off and permanently clog these 
passages. Particular care should be taken to clean and decontaminate 
vehicles that have been caught in a gas attack. See section VIII for 
details of this operation. 
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45. GENERAL. 

a. Ordnance materiel is painted before issue to the using arms and 
one maintenance coat per year will ordinarily be ample for protection. 
With but few exceptions this materiel will be painted with ENAMEL, 
synthetic, olive-drab, lusterless. The enamel may be applied over old 
coats of long oil enamel and oil paint previously issued by the Ordnance 
Department if the old coat is in satisfactory condition for repainting. 

b. Paints and enamels are usually issued ready for use and are ap- 
plied by brush or spray. They may be brushed on satisfactorily when 
used unthinned in the original package consistency or when thinned 
no more than 5 percent by volume with THINNER. The enamel will 
spray satisfactorily when thinned with 15 percent by volume of 
THINNER. (Linseed oil must not be used as a thinner since it will 
impart a luster not desired in this enamel.) If sprayed, it dries hard 
enough for repainting within V 2 hour and dries hard in 16 hours. 

c. Complete information on painting is . contained in TM 9-850. 



46. PREPARING FOR PAINTING. 

a. If the base coat on the materiel is in poor condition, it is more 
desirable to strip the old paint from the surface than to use sanding 
and touch-up methods. After stripping, it will then be necessary to 
apply a primer coat. 

b. PRIMER, ground, synthetic, should be used on wood as a base 
coat for synthetic enamel. It may be applied either by brushing or 
spraying. It will brush satisfactorily as received or after the addition 
of not more than 5 percent by volume of THINNER. It will be dry 
enough to touch in 30 minutes, and hard in 5 to 7 hours. For spraying, 
it may be thinned with not more than 15 percent by volume of THIN- 
NER. Lacquers must not be applied to the PRIMER, ground, synthetic, 
within less than 48 hours. 
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c. PRIMER, synthetic, rust-inhibiting, for bare metal, should be 
used on metal as a base coat. Its use and application is similar to that 
outlined in subparagraph h above. 

d. The success of a job of painting depends partly on the selection 
of a suitable paint, but also largely upon the care used in preparing the 
surface prior to painting. AU parts to be painted should be free from 
rust, dirt, grease, kerosene, oil, and alkali, and must be dry. 

47. PAINTING METAL SURFACES. 

a. If metal parts are in need of cleaning, they should be washed 
in a liquid solution consisting of V 2 pound of SODA ASH in 8 quarts 
of warm water, or an equivalent solution, then rinsed in clear water and 
wiped thoroughly dry. Wood parts in need of cleaning should be treated 
in the same manner, but the alkaline solution must not be left on for 
more than a few minutes and the surfaces should be wiped dry as soon 
as they are washed clean. When artillery or automotive equipment is in 
fair condition and only marred in spots, the bad places should be touched 
with ENAMEL, synthetic, olive-drab, lusterless, and permitted to dry. 
The whole surface will then be sandpapered with PAPER, flint, No. 1, 
and a finish coat of ENAMEL, synthetic, olive-drab, lusterless, applied 
and allowed to dry thoroughly before the materiel is used. If the equip- 
ment is in bad condition, all parts should be thoroughly sanded with 
PAPER, flint, No. 2, or equivalent, given a coat of PRIMER, ground, 
synthetic, and permitted to dry for at least 16 hours. They will then be 
sandpapered with PAPER, flint, No. 00, wiped free from dust and dirt, 
and a final coat of ENAMEL, synthetic, olive-drab, lusterless, applied 
and allowed to dry thoroughly before the materiel is used. 



48. PAINT AS A CAMOUFLAGE. 

a. Camouflage is now a major consideration in painting ordnance 
vehicles, with rust prevention secondary. The camouflage plan at present 
employed utilizes three factors: color, gloss, and stenciling. 

(1) Color. Vehicles are painted with ENAMEL, synthetic, olive- 
drab, lusterless, which was chosen to blend in reasonably well with the 
average landscape. 

(2) Gloss. The lusterless enamel makes a vehicle difficult to see 
from the air or from relatively great distances over land. A vehicle 
painted with ordinary glossy paint can be detected more easily and at 
greater distances. 

(3) Stenciling. White stencil numbers on vehicles have been elimi- 
nated because they can be photographed from the air. A blue-drab 
stencil enamel is now used which cannot be so photographed. It is 
illegible to the eye at distances exceeding 75 feet. 
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b. Preserving Camouflage. 

( 1 ) Continued friction or rubbing must be avoided, as it will smooth 
the surface and produce a gloss. The vehicle should not be washed more 
than once a week. Care should be taken to see that the washing is done 
entirely with a sponge or a soft rag. The surface should never be rubbed 
or wiped, except while wet, or a gloss will develop. 

(2) It is not desirable that vehicles, painted with lusterless enamel, 
be kept as clean as vehicles were kept when glossy paint was used. A 
small amount of dust increases the camouflage value. Grease spots should 
be removed with SOLVENT, dry-cleaning. Whatever portion of the spot 
cannot be so removed should be allowed to remain. 

(3) Continued friction of wax-treated tarpaulins on the sides of a 
vehicle will also produce a gloss, which should be removed with SOL- 
VENT, dry-cleaning. 

(4) Tests indicate that repainting with olive-drab paint will be 
necessary once yearly, with blue-drab paint twice yearly. 

49. REMOVING PAINT. 

a. After repeated paintings, the paint may become so thick as to 
crack and scale off in places, presenting an unsightly appearance. If 
such is the case, remove the old paint by use of a lime-and-lye solution 
(see TM, 9-850 for details) or REMOVER, paint and varnish. It is 
important that every trace of lye or other paint remover be completely 
rinsed off and that the equipment be perfectly dry before repainting is 
attempted. It is preferable that the use of lye solutions be limited to 
iron or steel parts. If used on wood, the lye solution must not be al- 
lowed to remain on the surface for more than a minute before being 
thoroughly rinsed off and the surface wiped dry with rags. Crevices or 
cracks in wood should be filled with putty and the wood sandpapered 
before refinishing. The surfaces thus prepared should be painted accord- 
ing to directions in paragraph 47. 

50. PAINTING LUBRICATING DEVICES. 

a. Oil cups, grease fittings, oilholes, and similar lubricating devices, 
as well as a circle about three-fourths of an inch in diameter at each 
point of lubrication, will be painted with ENAMEL, red, water-resist- 
ing, in order that they may be readily located. 
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51. PROTECTIVE MEASURES. 

a. When materiel is in constant danger of gas attack, unpainted metal 
parts will be lightly coated with engine oil. Instruments are included 
among the items to be protected by oil from chemical clouds or chemical 
shells. Care will be taken that the oil does not touch the optical parts 
of instruments or leather or canvas fittings. Materiel not in use will 
be protected with covers as far as possible. 

b. Ordinary fabrics offer practically no protection against mustard 
gas or lewisite. Rubber and oilcloth, for example, will be penetrated 
within a short time. The longer the period during which they are ex- 
posed, the greater the danger of wearing these articles. Rubber boots 
worn in an area contaminated with mustard gas may offer a grave 
danger to men who wear them several days after the bombardment. Im- 
permeable clothing will resist penetration more than an hour, but should 
not be worn longer than this. 

52. CLEANING. 

a. All unpainted metal parts of materiel that have been exposed 
to any gas except mustard and lewisite must be cleaned as soon as pos- 
sible with SOLVENT, dry-cleaning, or ALCOHOL, denatured, and 
wiped dry. All parts should then be coated with engine oil. 

53. DECONTAMINATION. 

a. For the removal of liquid chemicals (mustard, lewisite, etc.) from 
materiel, the following steps should be taken: 

(1) Protective Measures. 

(a) For all of these operations a complete suit of impermeable cloth- 
ing and a service gas mask will be worn. Immediately after removal of 
the suit, a thorough bath with soap and water (preferably hot) must be 
taken. If any skin areas have come in contact with mustard, if even a 
very small drop of mustard gets into the eye, or if the vapor of mustard 
has been inhaled, it is imperative that complete first-aid measures be 
given within 20 to 30 minutes after exposure. First-aid instructions are 
given in TM 9-850 and FM 21-40. 
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(b) Garments exposed to mustard will be decontaminated. If the 
impermeable clothing has been exposed to vapor only, it may be de- 
contaminated by hanging in the open air, preferably in sunlight for 
several days. It may also be cleaned by steaming for 2 hours. If the 
impermeable clothing has been contaminated with liquid mustard, steam- 
ing for 6 to 8 hours will be required. Various kinds of steaming devices 
can be improvised from materials available in the field. 

(2) Procedure. 

(a) Commence by freeing materiel of dirt through the use of sticks, 
rags, etc., which must be burned or buried immediately after this opera- 
tion. 

(b) If the surface of the materiel is coated with grease or heavy oil, 
this grease or oil should be removed before decontamination is begun. 
SOLVENT, dry-cleaning, or other available solvents for oil should be 
used with rags attached to ends of sticks. 

(c) Decontaminate the painted surfaces of the materiel with bleach- 
ing solution made by mixing one part AGENT, decontaminating (chlo- 
ride of lime), with one part water. This solution should be swabbed 
over all surfaces. Wash off thoroughly with water, then dry and oil all 
surfaces. 

(d) All unpainted metal parts and instruments exposed to mustard 
or lewisite must be decontaminated with AGENT, decontaminating, 
noncorrosive, mixed one part solid to fifteen parts solvent (ACETY- 
LENE TETRACHLORIDE). If this is not available, use warm water 
and soap. Bleaching solution must not be used, because of its corrosive 
action. Coat all metal surfaces lightly with engine oil. 

(e) In the event AGENT, decontaminating (chloride of lime) is not 
available, materiel may be temporarily cleaned with large volumes of 
hot water. However, mustard lying in joints or in leather or canvas 
webbing is not removed by this procedure and will remain a constant 
source of danger until the materiel can be properly decontaminated. 
All mustard washed from materiel in this manner lies unchanged on the 
ground, necessitating that the contaminated area be plainly marked 
with warning signs before abandonment. 

(f) The. cleaning or decontaminating of materiel contaminated with 
lewisite will wash arsenic compounds into the soil, poisoning many water 
supplies in the locality for either men or animals. 

(g) Leather or canvas webbing that has been contaminated should 
be scrubbed thoroughly with bleaching solution. In the event this treat- 
ment is insufficient, it may be necessary to burn or bury such materiel. 

(h) Detailed information on decontamination is contained in FM 
21-40, TM 9-850, and TC 38, 1941, Decontamination. 
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54. SPECIAL PRECAUTIONS FOR AUTOMOTIVE MATERIEL. 

a. When vehicles have been subjected to gas attack with the engine 
running, the air cleaner should be serviced by removing the oil, flushing 
with SOLVENT, dry-cleaning, and refilling with the proper grade of oil. 
h. InstriuupatJianels.shnulri-hp cleaned in- lhe samp manner as_nnt» 




c. Contaminated seat cushions will be discarded. 

d. Washing the compartments thoroughly with bleaching solution is 
the most that can be done in the field. Operators should constantly be 
on the alert, when running under conditions of high temperatures, for 
slow vaporization of the mustard or lewisite. 

e. Exterior surfaces of vehicles will be decontaminated with bleach- 
ing solution. Repainting may be necessary after this operation. 




TM 9-787A 

55 



HEAVY TRACTOR Ml 

PART TWO — Organization Instructions 

Section IX 

GENERAL INFORMATION ON MAINTENANCE 

Paragraph 

Scope 55 



55. SCOPE. 

a. The scope of maintenance and repairs by the crew and other units 
of the using arms is determined by the ease with which the project can 
be accomplished, the amount of time available, weather conditions, 
temperatures, the equipment available, the skill of the personnel, and 
other circumstances which may be present. 

b. The definitions given below are included in order that the opera- 
tion prescribed may be correctly interpreted by those doing the work. 

(1) Service. Consists of cleaning, lubricating, tightening bolts and 
nuts, and making external adjustments of subassemblies or assemblies 
and controls. 

(2) Repair. Consists of making repairs to, or replacements of, a 
part, subassembly or assembly that can be accomplished without com- 
pletely disassembling the subassembly or assembly, and does not re- 
quire heavy welding or riveting, machining, fitting, and/or alining. 

(3) Replace. Consists of removing the part, subassembly or assembly 
from the tractor and replacing it with a new, reconditioned; or rebuilt 
part, whichever the case may be. 

(4) Rebuild. Consists of completely reconditioning and placing in 
serviceable condition any unserviceable part, subassembly or assembly 
of the tractor including welding, riveting, machining, fitting, alining, 
assembling, and testing. 

c. The following are the maintenance duties which may be per- 
formed by the using arm personnel. NOTE: The using arm personnel 
is authorized to remove and reinstall an engine or transmission assembly. 
However, the replacement of an engine with another engine, or the 
replacement of a transmission assembly with another transmission 
assembly, must not be done by using arms unless authorization is re- 
ceived from ordnance personnel. 
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ENGINE 

Engine (par. 55 c, Note) Replace 

Engine (pars. 63 and 64) Clean and service 

Valve rocker assembly (par. 59) Replace 

Valve clearance (par. 60) Adjust 

Exhaust manifold and muffler (par. 62) Replace 

FUEL AND AIR SYSTEM 

Fuel tank (par. 66) Clean and replace 

Fuel filters (par. 68) Service or replace 

Fuel pump (par. 69) . . . , v Replace 

Injectors (par. 70) . Adjust or replace 

Fuel lines and connections (par. 71) Repair or replace 

Precleaners (par. 72) Service or replace 

Air cleaner (par. 73) Service or replace 



COOLING SYSTEM 



Water pump assembly (par. 75) Replace 

Manifold (par. 76) Replace 

Radiator (par. 77) Clean and flush 

Thermostat assembly (par. 78) Replace 

Hoses and pipes (par. 79) Replace 

Fan assembly (par. 80) Replace 

Fan belt (par. 80) Service or replace 



LUBRICATING SYSTEM 



Oil lines Replace 

Oil filter (par. 83) Replace 

Oil cooler (par. 84) Replace 



ELECTRICAL SYSTEM 

Batteries (par. 86) 

Generator (par. 87) 

Generator voltage control unit (par. 88) . . 

Starting motor assembly (par. 89) 

Ammeter (par. 90) 

Hour meter (par. 91) 

Air heater (par. 92) 

All switches (par. 93) 

All lamps (par. 94) 

All wires (par, 96) 



. . Service or replace 

Replace 

Replace 

Replace 

Replace 

Replace 

Replace 

Replace 

Aline, service, or replace 
Repair or replace 



57 




TM 9-787A 

55 

HEAVY TRACTOR Ml 

NONELECTRICAL INSTRUMENTS 

Oil pressure gage (par. 97) Replace 

Fuel pressure gage (par. 98) Replace 

Temperature gage (par. 99) Replace 

Air pressure gage (par. 100) Replace 

Mile meter (par. 101) Replace 

ELECTRIC AND AIR BRAKE SYSTEM 

Air compressor assembly (par. 103) Service or replace 

Air brake controls (par. 103) Replace 

Electric brake controls (par. 104) Replace 

MASTER CLUTCH 

Master clutch assembly (par. 108) Adjust or wash 

STEERING CLUTCHES 

Steering clutches (pars. 112 and 113) Adjust or wash 

TRACTOR BRAKES 

Steering brakes (par. 115) Adjust 

FINAL DRIVE ASSEMBLY 

Sprocket hub bearings (par. 118) Adjust 

TRACKS AND TRUCK FRAME ASSEMBLY 

Front idlers (par. 120) Service or replace 

Track release assembly (par. 120) Adjust 

Truck wheels (par. 121) Service or replace 

Truck wheel guards (par. 121) Replace 

Track support rollers (par. 122) Service or replace 

Track shoe or plate Replace 

Pintle drawbar (par. 123) Replace 

Pintle bracket (par. 123) Replace 

WINCH 

Winch assembly (par. 125) Adjust 

Winch cables (par. 125) Replace 

MISCELLANEOUS 

Lubrication (pars. 27 to 32) 

Tractor cleaning (par. 44) 

Tractor painting (pars. 45 to 50) 

d. In the following sections on maintenance of the tractor, specific 
mention is not always made of lock washers, cotter keys, and safety 
wire. It is to be understood that whenever these items are removed they 
are to be reinstalled or replaced at assembly. 
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56. EQUIPMENT AND LOCATION. 

a. The items listed below are furnished as standard equipment with 
each tractor and are in tool boxes on the tractor. 



Equipment Stowage Position 

BLOCK, snatch ( 1 ) In box 

BOOK, model HD- 10 instruction, (1) Inbox 

BOOK, model HD-10 parts, (1) Inbox 

CHAIN, tow ( 1 ) In box 

CLIP, for attaching seat back cushions (2) Inbox 

FULCRUM, valve lifter (used with valve lifter and 

injector remover tool) (1) In tool box 

GASKET, plug (2) Inbox 

GUN, hand grease, push type ( 1 ) In box 

GUN, pressure grease, with hose, lever type ( 1 ) In box 

HAMMER (1) In tool box 



KIT, injector service (1) includes: 
BRUSH, large (1) 

BRUSH, small (1) 

DRILL (1) 

GAGE, feeler (1) 

KIT, wrench ( 1 ) includes : 

WRENCH, open-end, yj c -i n - 
— %-in. (1) 

WRENCH, open-end, % B -in. 

— ( 1 ) 

WRENCH, open-end, !% 2 -in. 

— 2 %o-in. (1) 



In tool box 

GAGE, timing (1) 

STONE (1) 

VISE, pin (1) 

WIRE, probing (1) 

In tool box 

WRENCH, open-end, %-in. 

— %-in. (1) 

WRENCH, open-end, %-in. 

— IM.i-in. (1) 

WRENCH, open-end, 1-in. 

— DA -in. (1) 



LUBRICATOR, flushing, with hose ( 1 ) In box 

PLIERS ( 1 ) In tool box 

PLUG, pipe V 2 -in. std. (1) Inbox 

PREHEATER, engine ( 1 ) In box 

SCREW, cap, for attaching seat back cushions (4) Inbox 

SCREWDRIVER (1) In tool box 

TOOL, valve lifter and injector removal ( 1 ) In tool box 

WASHER, lock %-in. for attaching seat back cushions (4) In box 
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STANDARD TOOLS AND EQUIPMENT 

Equipment Stowage Position 

WRENCH, engine cranking (1) In tool box 

WRENCH, fan adjusting (1) In tool box 

WRENCH, fuel pump (1) In tool box 

WRENCH, hexagon, Vi -in. (1) In tool box 

WRENCH, hexagon plug (1) In tool box 

WRENCH, injector nut ( 1 ) In tool box 

WRENCH, square plug ( 1 ) In tool box 

WRENCH, track bolt socket ( 1 ) In tool box 

WRENCH, track release adjusting (1) In tool box 

WRENCH, water drain ( 1 ) In tool box 

List of approved lubricating oils for use in positive seal 

assemblies, transmission, and final drives In box 

57. CARE OF EQUIPMENT. 

a. An accurate record of all tools and equipment should be kept in 
order that their location and condition may be known at all times. Items 
becoming lost or unserviceable should be immediately replaced. All 
tools and equipment should be cleaned and in proper condition for 
further use before being returned to their location. 
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58. GENERAL DESCRIPTION AND DATA (figs. 28 to 32). 

a. The engine in this tractor is a water-cooled, 2-cycle Diesel with 
two cylinders in line. This engine differs from the conventional 4-cycle 
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Figure 28— Cross Section of Engine Showing Circulation of Air 
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Figure 29 — Engine— Right Side 
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Figure 30-Engine— Left Side 

engine in that it requires only two strokes of the piston, one up and one 
down, to complete an operating cycle instead of four strokes as in the 
4-cycle engine. In the 2-cycle engine, intake and exhaust occur together 
when the piston is at the bottom of its stroke; every upstroke is a com- 
pression stroke; every downstroke delivers power. Thus the intake and 
exhaust strokes of the 4-cycle engine are eliminated. The 2-cycle 
engine exhausts burned gases and fills its cylinders with fresh air, not 
by the pumping action of the engine itself, but by means of a rotary 
blower mounted on the right side of the engine and driven from the 
engine crankshaft. As the piston nears the end of its power stroke, 
the exhaust valves (two for each cylinder) in the cylinder head open 
to allow the burned gases to escape and the piston uncovers the intake 
ports in the lower part of the cylinder wall (64 holes in each cylinder 
liner) to permit fresh air from the blower to rush in, forcing burned 
gases out through the exhaust valves and filling the cylinder with a 
new charge of fresh air (fig. 28). As the piston rises on the compression 
stroke, it closes off the intake ports, the exhaust valves close, and the 
charge of air is compressed into one-sixteenth of its former volume. 
This compression causes the air to become extremely hot. A charge of 
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Figure 32— Engine— Rear View 



c. The fuel pump and water pump are driven by the lower blower 
rotor shaft. The fan and air compressor are driven by V-belts from a 
pulley on the crankshaft, and the generator is driven by a V-belt from 
the air compressor pulley. 



d. The flywheel housing and timing gear cover are bolted directly 
to the rear end of the cylinder block. Lifter brackets are provided, at- 
tached to the top of the cylinder head. These are used in the removal 
or installation of the engine. 
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e. Tabulated Data. 

Make of engine General Motors 4-71 RC14 

Weight with accessories, dry (approx.) 1,865 lb 

At 2,000 rpm maximum horsepower (engine alone) 110.0 

At 1,750 rpm 105.0 

Number of cylinders 4 

Bore and stroke 4 Vi x 5 in. 

Piston displacement 284 cu. in. 

Compression ratio 16 to 1 

Number of exhaust valves per cylinder 2 

Firing order, clockwise rotation (cranking) 1-3-4-2 

Crankcase capacity 13 qt 

Direction of rotation (viewed from operator’s seat): 

Crankshaft Counterclockwise 

Starter Clockwise 

Generator Counterclockwise 

Fuel pump - Clockwise 

Water pump Clockwise 

Oil pump Counterclockwise 

Blower Counterclockwise 

Air compressor » Counterclockwise 

Ratio of accessory drive to crankshaft speed: 

Starter 9.27 to 1 

Generator • 1.7 to 1 

Fuel pump 1.94 to 1 

Water pump 1.94 to 1 

Oil pump 1.39 to 1 

Blower 1.94 to 1 

Air compressor 0.933 to 1 



f. Trouble Shooting. 

(1) Uneven Running, Excessive Vibration of Engine. 



Probable Cause 

Insufficient fuel supply. 

Injectors out of time. 

Injectors not equalized. 

Valves out of adjustment. 
Broken valve spring. 

One or more cylinders misfiring. 
Air leaks in fuel system. 



Probable Remedy 

Check fuel supply and filters 
(pars. 66 and 68). 

Time injectors (par. 70). 
Equalize injectors (par. 70). 
Adjust valve clearance (par. 60). 
Notify ordnance personnel. 
Inspect fuel supply (par. 66). 
Inspect for loose connections 
(par. 71). 
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Probable Cause 

Clogged fuel filters. 

Fuel lines cracked. 
Surging governor. 



(2) Engine Runs Hot. 
Insufficient cooling water supply. 
Radiator tubes clogged. 

Rotted hoses. 

Radiator fins clogged. 

Fan belts loose or broken. 

Water pump inoperative. 
Thermostat stuck in closed posi- 
tion. 

Lack of oil pressure. 

Carbon accumulation in engine. 
Radiator shutter closed. 

(3) Loss OF Power. 
Insufficient fuel. 

Injectors out of time. 

Injectors not equalized. 

Governor out of adjustment. 
Butterfly valve out of adjustment. 
Air cleaner plugged. 

Port holes in cylinder liners 
plugged. 

Burned valves. 

Defective fuel pump. 



Probable Remedy 

Replace filter elements (par. 68). 
Replace lines (par. 71). 

Bring engine up to operating tem- 
perature; check for binding in 
governor linkage. 

Check water in radiator. 

Clean radiator (par. 77). 

Replace hoses (par. 79). 

Blow chaff, etc., out of fins (par. 
77). 

Adjust or replace (par. 80). 
Replace water pump (par. 75). 
Replace (par. 78). 

Notify ordnance personnel. 

Notify ordnance personnel. 

Open shutter. 



Check fuel system. 

Time injectors (par. 70). 
Equalize injectors (par. 70) 
Notify ordnance personnel. 
Notify ordnance personnel. 
Clean air cleaner (par. 73). 
Notify ordnance personnel. 

Notify ordnance personnel. 
Replace (par. 69). 



(4) Black Smoke from Exhaust. 



Poor grade of fuel. 

Air cleaner improperly serviced. 
Muffler plugged. 

Hand hole cover loose or gaskets 
blown. 

Precleaners plugged. 

Port holes in cylinder liners 
clogged. 

Air box drain tube plugged. 
Injectors out of time. 



Change to better fuel. 

Check air cleaners (par. 73). 
Replace muffler (par. 62). 
Tighten cover or replace gasket. 

Remove and clean (par. 72). 
Notify ordnance personnel. 

Remove and clean. 

Time injectors (par. 70). 
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Probable Cause 

Injectors not equalized. 

Defective injector. 

Valves out of adjustment. 

Poor compression. 

(5) Blue Smoke from Exhaust. 

Insufficient fuel to injectors. Check fuel system (pars. 66 and 

68 ). 

Lubricating oil entering combus- Notify ordnance personnel, 
tion chamber. 

Injectors not equalized. Equalize injectors (par. 70). 



Probable Remedy 

Equalize injectors (par. 70). 
Replace injector (par. 70). 

Adjust valve clearance (par. 60). 
Notify ordnance personnel. 



(6) Engine Detonates (Knocks). 



Injectors out of time. 

Injectors not equalized. 

Faulty injector. 

Damaged main or connecting rod 
bearings. 

Incorrect valve clearance. 
Lubricating oil entering combus- 
tion chamber. 



Time injectors (par. 70). 

Equalize injectors (par. 70). 
Replace injector (par. 70). 
Notify ordnance personnel. 

Adjust valve clearance (par. 60). 
Notify ordnance personnel. 



59. ROCKER ARM ASSEMBLY. 

a. General. There are three rocker arms for each cylinder. The two 
outer arms operate the exhaust valves and . the center rocker arm 
operates the injector. The three rocker arms for each cylinder operate 
on a single shaft, supported by two brackets. A special Vi-inch hollow 
cap screw holds each bracket to the cylinder head. The removal of 
these two cap screws permits the brackets to be removed from the shaft 
and the shaft to be removed from the rocker arms. The rocker arms 
may then be laid back, giving access to the injector and valve assemblies. 
The rocker arm assemblies may be replaced by the using arm personnel 
if they are broken or worn. 

b. Removal of Rocker Arm Assembly. 

WRENCH, open-end, Vic, -in. (2) WRENCH, open-end, %6-in. 

WRENCH, open-end, Vz-in. WRENCH, socket, %-in. 

( 1 ) Remove Precleaners and Hood. Refer to paragraph 70 d and 
figures 61 and 62. 

(2) Remove Rocker Arm Cover. Unscrew the two hand screws 
holding rocker arm cover to cylinder head and lift off cover. 
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Figure 33— Injector Fuel Line Removed 

(5) Remove Rocker Shaft Brackets. 

WRENCH, socket, 3 A- in. 

Remove the two cap screws holding the rocker arm assembly to cylin- 
der head and remove brackets. 

(6) Remove Shaft. Remove shaft by sliding it out of rocker arms. 

(7) Remove Rocker Arm Assemblies. Unscrew push rods from 
clevises and remove rocker arms. 

c. Installation. 

GAGE, feeler WRENCH, open-end, 14 -in. 

GAGE, injector timing WRENCH, open-end, Vi -in. 

SCREWDRIVER WRENCH, socket, 3 / 4 -in. 
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(3) Loosen Push Rod Lock Nuts. 

WRENCH, open-end, Vi -in. 

Loosen nuts underneath clevis on push rods. 



(4) Remove Injector Fuel Lines. 

WRENCH, open-end, Vi -in. 

Remove the fuel line connectors at both ends of injector fuel lines 
and remove lines. Place shipping caps on fittings from which lines were 
removed. 



